The fungal genera Endothia and Cryphonectria include some of the most important pathogens of forest trees. Despite available new technology, no comprehensive comparative study based on DNA sequence data and morphology has been done on the available isolates representing these two genera. The main objectives of this study were to assess the phylogenetic relationships among species of Cryphonectria and Endothia, for which cultures are available, and to establish a taxonomic framework based on DNA sequence and morphological data, which will aid future studies and identification of species in these and related genera. Comparisons were based on sequence variation found in the ITS region of the ribosomal RNA operon and two regions of the ␤-tubulin gene. In addition, the morphology of these species was examined. The phylogenetic data indicated that Endothia and Cryphonectria reside in two distinct phylogenetic clades. Cryphonectria parasitica, C. macrospora, C. nitschkei, C. eucalypti and C. radicalis represented the Cryphonectria clade. Endothia gyrosa and 1 Corresponding author. Department of Genetics, University of Pretoria, Pretoria, 0002, South Africa. Phone: ϩ27 12 420 3946. Fax: ϩ27 12 420 3947. E-mail: brenda.wingfield@fabi.up.ac.za E. singularis were included in the Endothia clade. An isolate representing E. viridistroma grouped outside the Endothia clade and separately from other groups. Other clades outside the one encompassing Cryphonectria were those represented by the C. cubensis isolates and fungi isolated from Elaeocarpus dentatus originating from New Zealand. These clades could be distinguished from Endothia and Cryphonectria, based on anamorph morphology, stromatal structure and ascospore septation. Cr yphonectria and Endothia, therefore, appear to be paraphyletic and taxonomic relationships for these fungi need to be revised.
INTRODUCTION
Cr yphonectria and Endothia (order Diaporthales) have relatively few members but include some of the most serious pathogens of forest trees in the world. These genera have been subjected to several classical taxonomic treatments (Barr 1978 , Hodges 1980 , Kobayashi 1970 , Roane et al 1986a , Shear et al 1917 , all of which were based on morphological comparisons. Most important of these is Barr's (1978) monograph on the Diaporthales, which had a fundamental and important impact on the taxonomy of Endothia. Before the work of Barr, Cryphonectria was synonymous with the older Endothia (Kobayashi 1970 , Shear et al 1917 , von Höhnel 1909 . Barr (1978) , however, segregated Cryphonectria from Endothia based on the differences in ascospore septation and stromatal morphology. Of the 13 species originally treated in Endothia, only three were retained, i.e., E. gyrosa (Schwein. : Fr.) (Bruner) M.E. Barr, C. macrospora (TakKobay & Kaz-Itô) M.E. Barr, C. nitschkei (Otth) M.E. Barr, C. parasitica (Murrill) M.E. Barr and C. radicalis (Schwein. : Fr.) M.E. Barr. Other already described species, C. longirostris (Earle) Micales & Stipes and C. coccolobii (Vizioli) Micales & Stipes, were not mentioned by Barr (1978) but were placed in Cryphonec-tria by Micales and Stipes (1987) based on similarities in morphology with other species in Cryphonectria.
Of the species in Cryphonectria and Endothia, only E. gyrosa, C. parasitica, C. cubensis and the recently described C. eucalypti M. Venter & M.J. Wingf. (Venter et al 2002) are known to be serious pathogens. The remaining members of these genera are considered saprophytic (Roane et al 1986b) . Endothia gyrosa causes cankers on hardwood species in the USA and is known as the causal agent of pin oak (Quercus palustris Muench.) blight (Appel and Stipes 1986 , Roane et al 1974 , Snow et al 1974 , Stipes and Phipps 1971 . Cryphonectria parasitica is well known for the devastation that it has caused to the American chestnut, Castanea dentata Borkh. (Anagnostakis 1987, Heiniger and Rigling 1994) . Cryphonectria cubensis is another important pathogen that causes a serious canker disease of plantation Eucalyptus species in tropical and subtropical areas of the world (Hodges et al 1976 , 1979 , Sharma et al 1985a , b, Wingfield et al 1989 . This fungus also causes die-back on clove (Syzygium aromaticum [L.] Murrill & Perry) (Myrtaceae) (Hodges et al 1986) and a serious canker disease of Tibouchina species (Melastomataceae) (Myburg et al 2002a . Cryphonectria eucalypti is a canker pathogen of Eucalyptus spp. and occurs in South Africa , van der Westhuizen et al 1993 and Australia (Old et al 1986 , Walker et al 1985 , Yuan and Mohammed 1997 . This pathogen previously was known as E. gyrosa but was found to represent a distinct and new species (Venter et al 2001 (Venter et al , 2002 .
Endothia is characterized morphologically by strongly developed, widely erumpent stromata with predominantly pseudoparenchymatous tissue (Barr 1978, Micales and Stipes 1987) . Perithecia usually are borne in an upright, diatrypoid configuration (Barr 1978, Micales and Stipes 1987) . In contrast, the stromata of Cryphonectria are semi-immersed in the bark and not as strongly developed as those of Endothia (Barr 1978, Micales and Stipes 1987) . Stromatic tissue is predominantly prosenchymatous, and the perithecia often are forced into a valsoid configuration by surrounding bark tissue (Barr 1978, Micales and Stipes 1987) . Furthermore, Cryphonectria is distinguished by fusoid to ellipsoid, one-septate ascospores while Endothia has cylindrical to allantoid, aseptate ascospores (Barr 1978, Micales and Stipes 1987) . Venter et al (2002) , however, showed that ascospore septation is not the only important and supportive character for generic identification and that stromatal morphology is more useful.
It is difficult to distinguish among species of Endothia and Cryphonectria based on morphology. Distinction is restricted mainly to size differences in fruiting structures, but these often overlap (Roane 1986a , Kobayashi 1970 . No method has been developed to distinguish unequivocally between all species of the two genera. Pigment production (Roane and Stipes 1978) , disk electrophoresis of intramycelial enzymes (Stipes et al 1982) , tolerance to antibiotics (Micales and Stipes 1986) and optimal temperatures for growth (Stipes and Ratliff 1973) could be used only to distinguish among some species, especially C. parasitica and E. gyrosa. Myburg et al (1999) provided the first phylogenetic data on representatives of Endothia and Cryphonectria, while attempting to resolve taxonomic questions pertaining to C. cubensis. This study supported the conspecificity of E. eugeniae (Nutman & Roberts) Reid & Booth with C. cubensis and showed clearly that C. parasitica is different from E. gyrosa. Cryphonectria cubensis isolates also were found to reside in two well-resolved subclades, reflecting a South American and a southeastern Asian group. The study of Myburg et al (1999) was based on sequence variation within the ITS1 and ITS2 regions of the ribosomal RNA operon. A third subclade including isolates from South Africa was recognized when ␤-tubulin and histone H3 gene sequences were used in phylogenetic analyses (Myburg et al 2002b) .
In a phylogenetic study conducted by Venter et al (2002) , additional species of Cryphonectria and Endothia were included to examine the generic placement of the new species, C. eucalypti. Isolates representing C. parasitica, C. radicalis, C. macrospora, E. gyrosa and E. singularis were included. Endothia and Cryphonectria grouped as two distinct phylogenetic clades (Venter et al 2002) . Only a subset of isolates then available was used in the study of Venter et al (2002) . No comprehensive study including morphology and phylogenetic data thus has been undertaken on available isolates representing the different species of these two genera. The objective of the present study, therefore, was to compare all available species of Endothia and Cryphonectria for which cultures and voucher specimens exist. More specifically, our aim was to re-evaluate the generic distinctions between Cryphonectria and Endothia and thus to provide a taxonomic basis, based on DNA sequence data and morphological characteristics, for future studies of species assemblages residing in them.
MATERIALS AND METHODS
Isolates studied.-Isolates included in this study (TABLE I) represent most of the species retained in the genera Cryphonectria and Endothia (Barr 1978, Micales and Stipes 1987) . A number of these isolates were obtained from the culture collection of R.J. Stipes. Authentic cultures are not Taxa presented in bold represent those for which sequences were generated in this study. Sequences for the other taxa were obtained from previous studies (Myburg et al 1999 , Myburg et al 2002b , Venter et al 2002 . Isolates are maintained in the culture collection (CMW) of the Forestry and Agricultural Biotechnology Institute (FABI), University of Pretoria, Pretoria, 0002, South Africa.
available for C. coccolobii, C. longirostris or C. havanensis, and these could not be included in this study. The C. havanensis isolate labeled as E40 (CMW 10453) in the collection of R.J. Stipes previously was found to be C. cubensis (Micales et al 1987) and not representative of C. havanensis. Isolates of C. eucalypti, the most recent addition to Cryphonectria (Venter et al 2002) , also were included in this study. All isolates ( Myburg et al (1999) . Amplification of the ITS 1, 5.8S and ITS 2 regions of the ribosomal RNA operon as well as two regions within the ␤-tubulin gene were as described by Myburg et al (1999) and Myburg et al (2002b) respectively. The primer pairs that were used to amplify the respective regions were ITS1 and ITS 4 (White et al 1990) , Bt1a and Bt1b (Glass and Donaldson 1995) and Bt2a and Bt2b (Glass and Donaldson 1995) . PCR products were purified using a QIAquick PCR Purification Kit (Qiagen GmbH, Hilden, Germany).
Ribosomal RNA (ITS1, 5.8S, ITS2
) and ␤-tubulin gene sequencing.-PCR products were sequenced in both directions using the same primer pairs that were used in the amplification reactions. Sequencing reactions were achieved using an ABI PRISM Dye Terminator Cycle Sequencing Ready Reaction Kit with AmpliTaq DNA Polymerase, FS (Perkin-Elmer, Warrington, United Kingdom). The nucleotide sequences were determined with an ABI PRISM 3100 automated DNA sequencer.
Sequence alignment and analyses.-Sequence Navigator version 1.0.1 (Perkin-Elmer Applied BioSystems Inc., Foster City, California) software was used to analyse the DNA sequences. All sequences were aligned in a data matrix using Clustal X (Thompson et al 1997) and the alignment was checked manually. Sections of the ITS and the ␤-tubulin introns were highly variable. This resulted in difficulty when aligning sequence data. An analysis (data not shown) of only the exon regions of the ␤-tubulin gene produced a phylogenetic tree with a similar topology to that obtained when the full dataset was considered collectively. However, there was no resolution at the intraspecific level using this more conservative dataset and all the sequence data thus were retained in the analyses, where gaps were treated as missing data. Subsequent phylogenetic analyses were performed using PAUP (Phylogenetic Analysis Using Parsimony) version 4.0b (Swofford 1998) . A 500-replicate partition-homogeneity test (PHT) was executed to determine whether the ribosomal (ITS1, 5.8S, ITS2) and ␤-tubulin gene sequence datasets (1a/1b, 2a/2b) could be combined as one dataset before phylogenetic analyses. Gene sequences were analyzed using heuristic searches with tree-bisection-reconnection (TBR) and MulTrees option (saving all optimal trees) effective.
The confidence levels of the tree branch nodes generated in the phylogenetic analysis were determined by a 1000-replicate bootstrap analysis. Diaporthe ambigua Nitschke, a known canker pathogen of stone and pome fruit trees (Smit et al 1996 (Smit et al , 1997 , was included as outgroup taxon to root the phylogenetic tree. Sequences were deposited in GenBank, and the accession numbers are listed in TABLE I. The sequence alignments and phylogenetic tree (FIG. 1) were deposited in TreeBase (submission ID number ϭ SN 1205).
Morphological studies.-General morphological features, such as stromatal and spore morphology, were examined microscopically for relevant herbarium specimens of Endothia and Cryphonectria (TABLE II) . As far as possible, the type specimens of the different species in the phylogenetic tree were studied. Specimens from New Zealand, linked to some of the isolates used in the phylogenetic study (TABLE  II) , also were included.
Fruiting structures were embedded in Leica mountant (Setpoint Premier, Johannesburg, South Africa) after rehydration in boiling water for 1 min. Sections were made with a Leica CM1100 cryostat (Setpoint Premier) at Ϫ20 C and were 12-16 m thick. Sections were dropped in water, transferred to a microscope slide, mounted in lactophenol and examined with phase contrast and differential interference contrast light microscopy.
RESULTS
Ribosomal RNA (ITS1, 5.8S, ITS2) and ␤-tubulin gene amplification and sequencing.-Amplification products for the respective gene regions were 550-600 bp in size (data not shown). Sequences for isolates generated in this study were aligned with sequence data from previous studies (TABLE I) . The PHT performed between the ribosomal and ␤-tubulin gene sequence datasets generated a P-value of 0.01. This indicated that there was no significant conflict between the datasets and that they could be combined in subsequent phylogenetic analyses. The ribosomal (ITS1, 5.8S, ITS2) and ␤-tubulin (1a/1b and 2a/2b) sequence datasets thus were analyzed together in the parsimony analyses.
The resulting combined dataset comprised 28 sequences of which one, D. ambigua, was used as outgroup taxon. A total of 1520 characters were included in the phylogenetic analyses. Of these, 942 characters were constant, 132 variable characters were parsimony uninformative and 446 variable characters were parsimony informative. No sequence characters were excluded. The heuristic search produced 23 trees, which were converted to a strict consensus tree (tree length ϭ 1154 steps, consistency index ϭ 0.6888, retention index ϭ 0.8376).
The consensus tree (FIG. 1) showed a well-resolved clade labeled as ''Cryphonectria spp.'' and representing the taxa C. parasitica, C. nitschkei, C. macrospora, FIG. 1. A strict consensus tree (tree length ϭ 1154 steps, consistency index ϭ 0.6888, retention index ϭ 0.8376) generated from a combined dataset comprising ribosomal and ␤-tubulin gene sequences. Confidence levels of the tree branch nodes (Ͼ50%) are indicated above the nodes and were determined by a 1000 replicate bootstrap analysis. Branch lengths are indicated below the nodes. Diaporthe ambigua was used as outgroup taxon.
C. eucalypti and European C. radicalis. Isolates of C. radicalis formed two distinct groups. One is represented by isolates CMW 10477 and CMW 10455 while the other is represented by isolate CMW 10484 and an isolate from Quercus identified as Endothiella gyrosa Sacc. (CMW 10436) (bootstrap ϭ 100%).
Two groups of isolates identified originally as species of Cryphonectria did not group within the main Cryphonectria clade. The first of these included unidentified isolates from New Zealand, which originally were labeled C. radicalis (CMW 10469, CMW 10470) and C. gyrosa (CMW 10471) (bootstrap support ϭ 100%). These isolates originated from Elaeocarpus dentatus Vahl.
The second group of isolates that clustered outside the Cryphonectria clade were those representing C. cubensis (bootstrap ϭ 100%). Within this C. cubensis sensu lato clade, the three subclades as previously de- fined by Myburg et al (2002b) were evident and represented C. cubensis originating from South America/Congo, southeastern Asia and South Africa, respectively.
Endothia was represented by E. gyrosa and E. singularis isolates from the USA. The remaining Endothia species, E. viridistroma, grouped separately from the Endothia and Cryphonectria clades. A BLAST search on the ITS sequence data generated for the E. viridistroma isolate revealed that it has a 97% similarity to Cytospora eucalypticola van der Westh. (GenBank accession number ϭ AF192321, BLAST result ϭ 835 bits), a weak pathogen of Eucalyptus in Australia and South Africa (Old et al 1986 , van der Westhuizen 1965 .
Morphological studies.-The different groups found in the phylogenetic tree could be distinguished based on morphology (FIG. 2) . The most important distinguishing character was anamorph morphology. The conidiomata of E. gyrosa (FIG. 2a) and E. singularis (FIG. 2b) were tuberculate and locules were numerous and minute, while those of the Cryphonectria spp. (i.e., C. parasitica, C. radicalis from Europe, C. nit-schkei, C. macrospora) (FIG. 2c) were pulvinate and locules were few in number and large. Those of C. eucalypti (FIG. 2d) were similar to those of the other Cryphonectria spp. (FIG. 2c) . The conidiomata on the specimens of C. gyrosa and C. radicalis from New Zealand (FIG. 2e) were unique because single conidiomata were ovoid, superficial and unilocular. More complex conidiomatal structures on the New Zealand specimens (containing more than one ovoid structure) were multilocular with irregular conidial locules (FIG. 2e) . Conidiomata of C. cubensis (FIG. 2f) also were different and generally were unilocular, superficial and pyriform with attenuated necks. The conidiomata of C. cubensis were blackened, unlike the orange conidiomata of other species of Cryphonectria and Endothia.
The ascomata of E. gyrosa (FIG. 2a) , E. singularis (FIG. 2b) and the New Zealand specimens (FIG. 2e) were erumpent to superficial and strongly developed. Perithecia were diatrypoid and the bases situated in fungal tissue above the level of the bark. The ascomata of the Cryphonectria spp. (FIG. 2c) and C. eucalypti (FIG. 2d) also were erumpent but were semiimmersed and perithecia were valsoid, with the bases surrounded by bark tissue beneath the level of the bark. Ascomata of C. cubensis specimens (FIG. 2f) had weak to no stromatal tissue development, and the black perithecial necks, as they protruded through the stromatal surface, were covered with brown tissue, which was different from the black necks of the other specimens of Cryphonectria that were covered with orange tissue.
Ascospores of E. gyrosa (FIG. 2a) and E. singularis (FIG. 2b) were aseptate and cylindrical to allantoid. Those of the Cryphonectria spp. (FIG. 2c) and C. cubensis (FIG. 2f) were one-septate and ellipsoid to fusoid. The specimens (K 109807, K 109809, BPI 614797, BPI 614526, BPI 797701) connected to the type species of Cryphonectria, C. gyrosa from Sri Lanka, also had single-septate ascospores, although a few ascospores were seen with two septa. Cryphonectria eucalypti (FIG. 2d) had aseptate, cylindrical to allantoid ascospores that were different from those of other Cryphonectria species and more similar to those of Endothia species. For specimens representing the New Zealand clade (FIG. 2e) , ascospores were different from those of Cryphonectria species and C. cubensis in having 1-3 septa. Conidia of E. gyrosa (FIG.  2a) , E. singularis (FIG. 2b) , the Cryphonectria species (FIG. 2c) , C. eucalypti (FIG. 2d) and the specimens from New Zealand (FIG. 2e) were aseptate, minute and cylindrical. The conidia of C. cubensis (FIG. 2f) differed from those of the others in being more oval than cylindrical.
Features of E. viridistroma that led to its placement in Endothia are the large, erumpent, tuberculate, superficial stromata (FIG. 2g) . Perithecia have a similar orientation in the stroma to those of E. gyrosa (FIG.  2g) , and conidial locules are numerous and irregular to ellipsoid (FIG. 2g) (Wehmeyer 1936) . Ascospores are aseptate and allantoid to slightly ellipsoid, and conidia are aseptate, cylindrical to allantoid (FIG. 2g ) (Wehmeyer 1936 Studies including more specimens and isolates for each phylogenetic group now should be undertaken to describe formally the new generic groups proposed in this study. For instance, the relationships between the three phylogenetic subclades within C. cubensis sensu lato should be clarified. The sequence and morphological data that now are available also should facilitate future segregation among species in these genera. To the best of our knowledge, all species for which cultures currently are available were included in this study. It is unfortunate that isolates of C. longirostris, C. coccolobii and an authentic isolate of C. havanensis from Cuba, the described origin of C. havanensis (Bruner 1916) , are unavailable. An isolate (CMW 10471) that originally was identified as C. gyrosa, isolated from specimen PDD 32619, phylogenetically and morphologically was linked to the New Zealand group studied. This isolate most probably was identified as this species due to similarities in stromatal morphology and ascospore size and the fact that it was isolated from Eleaocarpus spp. (Roane 1986a , Shear et al 1917 . It seems unlikely that this specimen (CMW 10471) represents the type species of Cryphonectria, and it will be impossible to resolve this question in the absence of isolates for C. gyrosa from Sri Lanka.
Numerous challenges exist regarding the type species of Endothia and Cryphonectria. Endothia gyrosa (Fries 1849) and C. gyrosa (Berkeley and Broome 1875) were described in the 19th century, and no cultures exist that can be linked to these names. The type specimen of E. gyrosa has been separated and moved among a number of herbarium collections in the past (Shear et al 1917) . The only remaining fragment of the original type material of E. gyrosa, which was designated as a cotype by Shear et al (1917) , contains only conidiomata (Shear et al 1917) . Comparisons of teleomorph morphology using the current collections thus are impossible, and efforts to designate an epitype or neotype for Endothia will prove invaluable for future studies.
In the case of C. gyrosa, ambiguities include the existence of two sets of herbarium specimens that are linked to this fungus. The first (type specimen K 109807, K 109809) is connected to the original description of C. gyrosa (basionym Diatrype gyrosa Berk. & Broome) from Sri Lanka and the host was specified only as ''sticks''. Shear et al (1917) obtained an alternative set of specimens, presumably of the same fungus, from Sri Lanka (BPI 614526, BPI 614797) on Elaeocarpus glandulifer Mast., when they transferred C. gyrosa to E. tropicalis. This was after Cryphonectria had been reduced to synonymy with Endothia (von Höhnel 1909) and the new name, E. tropicalis, was given because the name E. gyrosa already existed. These BPI specimens (BPI 614526, BPI 614797) thus were designated as the type specimens of E. tropicalis (Shear et al 1917) , while one of the original specimens connected to the 1875 description of C. gyrosa (K 109809, designated originally as No. 290) was mentioned only as an additional collection examined (Shear et al 1917) . The original type specimen (K 109807) of the protologue of C. gyrosa, however, will take priority to serve as type specimen for this species (ICBN section 7.4, Greuter et al 2000) .
In subsequent reviews on the taxonomy of C. gyrosa, hosts other than Elaeocarpus glandulifer have been mentioned. These include an Elaeagnus sp. (Barr 1978) , as well as Elaeocarpus dentatus, Myrsine salicina Heward, several Quercus spp., Quintinia serrata A. Cunn. and Shiia sieboldii Makino (Roane 1986a) . Barr (1978) also examined a specimen from Eucalyptus grandis Sm. in Brazil (MASS) for her treatment of C. gyrosa, but this specimen actually represents C. cubensis (TABLE II) . The review of C. gyrosa by Barr (1978) stated that the fungus originally was described from Sri Lanka on Elaeagnus glandulifer and this possibly was based on specimen BPI 797701 that is stated to have occurred on the original host Elaeagnus glandulifer and was collected from the same locality (i.e., Hakgala, Sri Lanka) as BPI 614526 and BPI 614797. However, never has there been a plant species with the name Elaeagnus glandulifer (International Plant Name Index Quer y, http:// www.ipni.org/ipni/queryipni.html) and the host for the above-mentioned material given on the herbarium packet probably should have been Elaeocarpus glandulifer. Mention of C. gyrosa on Quercus spp. and S. sieboldii (Roane 1986a) possibly originated from reports of this fungus from Japan (Kobayashi and Ito 1956, Kobayashi 1970) . Quintinia serrata and M. salicina, however, are not mentioned as hosts of C. gyrosa in Japan (Kobayashi and Ito 1956, Kobayashi 1970) and the source of these reports is unclear. These contradictions regarding the appropriate type specimen for C. gyrosa need to be addressed and probably will rely on new collections from the original collection sites.
Isolates from New Zealand considered in this study and labeled as C. radicalis and C. gyrosa were not related to C. radicalis isolates or other Cryphonectria spp. within the Cryphonectria clade. These isolates from New Zealand also were not similar to the group accommodating C. cubensis or the phyloclade representing Endothia. Ascospores of the New Zealand specimens were one to three septate (FIG. 2e) and are different from species residing in Cryphonectria that have two-celled ascospores (Barr 1978) . The different ascospore morphology, the ovoid anamorph structures and the phylogenetic grouping of these isolates separately from other Cryphonectria and Endothia isolates in the phylogenetic analysis suggest that they most likely represent a discrete genus.
Ascospores of specimens linked to the type species, C. gyrosa from Sri Lanka (K 109807, K 109809, BPI 614797, BPI 614526, BPI 797701) , occasionally contained two septa and, therefore, were similar to specimens connected to the fungus in the New Zealand phyloclade. This type of septation never has been noted previously for C. gyrosa or for Cryphonectria (Barr 1978 , Berkeley and Broome 1875 , Saccardo 1905 . In the absence of authentic isolates of C. gyrosa from Sri Lanka, it is impossible to tell whether this fungus will reside in the phyloclade that represents Cryphonectria in the current study. It equally could be possible that C. gyrosa will group separately from all other species of Cryphonectria. Ascospore septation observed for C. gyrosa in this study is similar to that of the New Zealand specimens, and these two fungi could represent the same taxon. This would have important consequences for the taxonomy of Cryphonectria species and their appropriate generic placement.
Our phylogenetic and morphological results provide added evidence that C. cubensis represents a distinct genus closely related to Cryphonectria and En-dothia. Isolates of C. cubensis formed a distinct group separate from other Cryphonectria spp. The dark, superficial to slightly immersed, pyriform anamorphs of C. cubensis (Bruner 1917 , Hodges 1980 , Myburg et al 2002b , reduced stromatic development and blackened protruding perithecial necks (Hodges 1980 , furthermore distinguished C. cubensis from the Cryphonectria spp., the Endothia spp., the unidentified species occurring on Elaeocarpus dentatus from New Zealand and the type specimen of C. gyrosa from Sri Lanka. The morphological features that distinguish C. cubensis from Cryphonectria were evident on a variety of host genera, including clove and Eucalyptus spp.
The distinct morphology of C. cubensis, when compared with that of other Cryphonectria species, has led to uncertainty as to where C. cubensis, previously known as Diaporthe cubensis Bruner, should be placed (Bruner 1917 , Hodges 1980 . It has been suggested that C. cubensis could belong in the genus Cryptodiaporthe, with a Cystosporella anamorph (Roane 1986a) . Recent phylogenetic studies based on LSU rDNA, however, showed that C. cubensis does not group with other Cryptodiaporthe species (Castlebury et al 2002, Zhang and Blackwell 2001) . One species of Cryptodiaporthe, C. corni (Wehm.) Petr., however, did group close to C. cubensis but was not representative of the genus Cryptodiaporthe (Castlebury et al 2002, Zhang and Blackwell 2001) .
Isolates labeled as C. radicalis from Europe formed two subgroups within the greater Cryphonectria clade. The one subclade (CMW 10477, CMW 10455) presumably represents C. radicalis, but the identity of isolates in the other subclade (CMW 10436, CMW 10484) is unknown. Cryphonectria radicalis has been reported to occur widely in Europe (Anagnostakis 1983 , Hoegger et al 2002 , Shear et al 1917 and in the USA (Shear et al 1917) and Japan (Kobayashi 1970) . Despite this fact, few isolates exist and it reportedly is difficult to find the fungus in the United States (M. Milgroom pers comm). This might be due to its displacement by the virulent C. parasitica that previously was not present in its natural habitat (Anagnostakis 1983 , Hoegger et al 2002 . An alternative hypothesis is that C. radicalis is not easily noticed due to the presence of the more commonly found and pathogenic C. parasitica (Hoegger et al 2002) . The correct taxonomic placement of isolates in the two subclades representing C. radicalis from Europe currently is impossible because no herbarium specimens are linked to European isolates of C. radicalis.
An isolate labeled as Endothiella gyrosa from Portugal (CMW 10436), grouped within the European C. radicalis clade. Endothiella is currently the recognized anamorph genus for both Endothia and Cryphonectria (Hawksworth et al 1995) . This specimen was isolated from Quercus suber L., the same host as that of the Italian C. radicalis isolates. We believe that this isolate was misidentified and should have been designated as C. radicalis. This illustrates the difficulty of identifying species of Endothia and Cryphonectria in the absence of teleomorph specimens. Conidia of these two genera are similar, and stromatal morphology of Cryphonectria species sometimes can be superficial and strongly developed, similar to those of E. gyrosa. This could be due to host tissue characteristics and environmental conditions (Cannon 1988 , Hodges et al 1986 , Shear et al 1917 .
The ascospores of C. eucalypti differ from those of other Cryphonectria spp. in being aseptate. In this study, isolates of this fungus grouped most closely with Cryphonectria species and not close to those in the Endothia clade. This finding supports a previous report (Venter et al 2002) that stromatal structure is an important taxonomic feature for this group of fungi. Ascospore septation, however, has been one of the criteria with which to define the phyloclade from New Zealand. This raises the question whether the aseptate ascospores of C. eucalypti, in contrast to septated ascospores of other Cryphonectria species, suggest that this fungus represents a distinct genus from Cryphonectria. Currently available phylogenetic data provide no evidence to support transferring C. eucalypti to a discrete genus. Inclusion of larger numbers of isolates of C. eucalypti from South Africa and Australia might help to resolve this question.
The E. viridistroma specimens included in this study have green stromata (Roane 1986a , Wehmeyer 1936 , unlike other species of Endothia that have orange stromata (Barr 1978 , Roane 1986a , Shear et al 1917 . Results of a BLAST search on the ITS ribosomal sequence data generated for this E. viridistroma isolate, showed sequence similarities with Cytospora eucalypticola. Endothia viridistroma, however, has large, widely erumpent, pulvinate stromata with diatrypoid perithecia (Roane 1986a , Wehmeyer 1936 . This is in contrast to the immersed, typically valsoid, blackened stromata of Valsa species and their multilocular Cytospora anamorphs (Spielman 1984) . It therefore is unlikely that E. viridistroma could be accommodated in Valsa. We believe that the E. viridistroma isolate in our collection was misidentified and does not represent the fungus originally described as E. viridistroma. The taxonomic relationships of E. viridistroma will be difficult to resolve because no other isolates of this species exist and herbarium specimens contain insufficient stromatal tissue for a meaningful taxonomic study.
The results of this study reflect the importance of linking isolates to voucher herbarium material to identify the defined taxa. The genera Cryphonectria and Endothia include important fungal pathogens, and it is essential that these species be identified correctly. One such example relates to C. cubensis sensu lato. Results of the present study and that of Myburg et al (2002b) indicate that C. cubensis sensu lato includes isolates reflecting three geographically distinctive groups. Of these, the South African C. cubensis isolates are different from C. cubensis in other parts of the world, with regard to disease symptoms (Myburg et al 2002b; Wingfield et al 1989 Wingfield et al , 2001 ) and the occurrence of the sexual state (Myburg et al 2002a; Wingfield et al 1989 Wingfield et al , 2001 ). The South African fungus is also more pathogenic than that occurring on Eucalyptus elsewhere in the world . This discovery has important implications for the global security of Eucalyptus species, both in their native range and in countries where these trees are grown commercially. Further studies and possibly the development of rapid techniques to identify these fungi thus should be undertaken.
